Bacteria isolated from an outbreak with moderate mortalities in farmed sole, Solea senegalensis (Kaup), in the south of Spain were identified as Vibrio harveyi and V. parahaemolyticus. Only bacterial strains showing swarming were virulent in sole and caused mortalities in experimentally inoculated fish. However, the signs of the disease were only reproduced with V. harveyi. The intramuscular inoculation of the extracellular products (ECPs) of both species produced mortalities in inoculated fish and the appearance of surface ulcers in the case of V. harveyi. However, the inoculation of sublethal doses of ECPs to fish showed a protective effect against V. harveyi.
Introduction
Marine aquaculture in southern Europe is an expanding industry in which production has been concentrated on species such as gilthead sea bream, Sparus aurata L., and sea bass, Dicentrarchus labrax (L.). However, diversification in culture is required. A ÔnewÕ species currently being cultured in the southwestern and Mediterranean areas of Spain and Portugal is the sole, Solea senegalensis (Kaup), a flat fish well adapted to temperate waters and with a high economic value. A number of studies on its developmental biology have been carried out (Ribeiro, Sarasquete & Dinis 1999; Fernán-dez-Diaz, Yúfera, Cañabate, Moyano, Alarcón & Diaz 2001) . However, unlike other fish, such as gilthead sea bream, in which the incidence of disease and the types of bacterial pathogens have been well documented (Real, Déniz, Acosta & Oros 1993; , information concerning the isolation and characterization of pathogenic bacteria from sole is scarce (Zorrilla, Balebona, Moriñigo, Sarasquete & Borrego 1999) . Identification of pathogenic micro-organisms is important for future research on vaccine development, as well as for other means of controlling and treating disease.
In February 2001, an outbreak associated with moderate mortalities (20%) in populations of sole cultured in a farm in the south of Spain was observed, the main external signs of the disease being skin ulcers and haemorrhagic areas near the fins and mouth. The aim of the present study was to isolate and characterize the potential causative agent(s) of the disease outbreak, and to demonstrate its implication in the disease by carrying out experimental challenges with the isolated bacteria. Similarly, because extracellular products (ECPs) are important virulence factors of some fish pathogenic microorganisms (Fouz, Barja, Amaro, Rivas & Toranzo 1993; Biosca & Amaro 1996; Balebona, Andreu, Bordas, Zorrilla, Moriñigo & Borrego 1998) we have evaluated the role of ECPs from the isolated micro-organisms and assessed their potential use as a vaccine.
Materials and methods

Sampling and processing of diseased fish
Six diseased 70 g sole from one fish farm located in Granada (southern Spain) were sampled for bacteriology. These fish were sampled immediately after their death. The fish were kept in tanks receiving openflow sea water at 33& salinity and 18°C. Diseased fish exhibited haemorrhagic lesions on both body surfaces and pale livers. Samples from ulcers, head, kidney, spleen and liver were cultured on tryptone soya agar (TSA) and in tryptone soya broth (TSB) (Oxoid Ltd, Hampshire, UK), both supplemented with 1.5% NaCl (TSAS and TSBS, respectively) and Flexibacter maritimus medium (FMM) (Pazos, Santos, Macías, Núñez & Toranzo 1996) . All inoculated media were incubated at 22°C for between 24 and 48 h, and a representative number of the different colony types grown on the plates were picked and biochemically identified.
Identification of bacterial strains
Pure cultures of the isolates were identified biochemically and physiologically following the criteria proposed by Alsina & Blanch (1994) and Ortigosa, Garay & Pujalte (1994) . The physiological and biochemical tests carried out are summarized in Table 1 . After the initial identification of the isolates as Vibrio harveyi and V. parahaemolyticus, their profiles were compared with two reference strains from the Spanish Type Culture Collection (V. harveyi CECT 525 and V. parahaemolyticus CECT 511).
Virulence testing
The virulence of all the bacterial isolates for sole (Table 2 ) was determined in vivo following the technique described by Amaro, Biosca, Esteve, Fouz & Toranzo (1992) . The strains assayed were grown in TSBS at 22°C for 24 h. Then the cells were recovered by centrifugation (10 000g for 30 min) and the pellets resuspended in phosphate-buffered saline (PBS) (pH 7.2). Groups of 20 fish (10-15 g body weight), maintained in tanks of 50 L sea water at a salinity of 35& and temperature of 20°C, were inoculated intraperitoneally (i.p.) and intramuscularly (i.m.) with bacterial doses ranging from 10 4 to 10 8 cfu mL )1 . The same number of fish were inoculated with 0.1 mL PBS and used as controls. Inoculated fish were observed daily for 14 days after inoculation and mortalities recorded. Mortalities were considered to be due to the inoculation only when the bacterial strain was reisolated in pure culture. These experiments were carried out in triplicate. Lethal dose 50% (LD50) represents the number of bacteria needed to kill 50% of the inoculated fish.
ECP toxicity testing
Bacterial ECPs from the virulent strains of V. harveyi and V. parahaemolyticus were obtained by the method of Amaro et al. (1992) . Briefly, tubes containing 5 mL of TSBS were inoculated with bacteria from one colony from a 24-h culture on TSAS and incubated at 22°C for 24-48 h. A 0.2 mL volume of the culture was spread onto a sterile cellophane sheet overlying a TSAS plate and incubated at 22°C for 24-48 h. Bacterial cells were harvested in PBS and the cell suspensions were centrifuged at 13 500g for 20 min at 4°C. The supernatants were filtered through 0.45 and 0.2 lm membrane filters and used as crude ECP preparations. The total protein contents of the ECP samples were determined using a commercially available protein determination reagent (Biorad Laboratories, Hércules, CA, USA) and bovine serum albumin (Sigma Chemical Co., St Louis, MO, USA) as a standard.
The role of the ECP in the pathogenicity of these micro-organisms was assayed with the virulent strains V. harveyi LG-16.00 and V. parahaemolyticus LG-4.00, following the methodology described by Amaro et al. (1992) . Groups of 20 fish were inoculated i.m. with 0.1 mL of a solution containing 120 or 60 lg of protein mL )1 for V. harveyi and 180 or 90 lg of protein mL )1 for V. parahaemolyticus. The same number of fish was inoculated with 0.1 mL of PBS and used as a control group. Three replicates of this experiment were carried out. The fish were observed for 14 days for the presence of mortalities and harmful effects of the ECP.
Vaccination study
The potential use of the ECP as a vaccine against strains LG-16.00 and LG-4.00 was examined in two experiments. Groups of 20 fish of 5-10 g body weight were inoculated i.m. with sublethal doses of raw ECP from strains LG-16.00 and LG-4.00 (60 and 90 lg protein mL )1 , respectively). After 1 month, these fish were challenged i.p. with 10 5 cfu g )1 fish of V. harveyi LG-16.00 or V. parahaemolyticus LG-4.00. The same number of fish were inoculated i.p. with the LD50 of these strains and used as controls. Mortalities and clinical signs (ulcers or haemorrhagic areas) were monitored over 14 days. The results were evaluated by determining the percentage mortality in the control and challenged groups, and the relative percentage of survival (RPS) was calculated: [1)(% specific loss controls)% specific loss challenged/% specific loss controls)] · 100.
Statistical analysis
Results were analysed by a Student's t-test. Differences were considered statistically significant at P < 0.05. 
Results
Two different types of colonies were isolated on TSAS and FMM from the diseased sole. These bacteria were Gram-negative, straight rods, motile, oxidase and catalase-positive, sensitive to the vibriostatic agent O129 (150 lg) and fermentative on glucose, and one colonial type was green on thiosulphate-citrate-bile salt-sucrose medium (TCBS), whilst the other was yellow. The biochemical and physiological characteristics of these isolates corresponded to V. harveyi and V. parahaemolyticus. Both colony types were always recovered from surface ulcers of the diseased fish, but only V.
harveyi was occasionally isolated from ulcers, liver, spleen and kidney. Flexibacter spp. was not detected on FMM.
The biochemical and physiological characteristics of the strains isolated are summarized in Table 1 . The strains of V. harveyi and V. parahaemolyticus were biochemically homogeneous, although some differences were observed. Thus, strains of V. harveyi showed identical biochemical profiles except for swarming, the use of citrate, production of acid from mannitol and sorbitol and urease activity, whilst V. parahaemolyticus strains differed in swarming, citrate and acid from sorbitol.
Infectivity assays were carried out with the isolated strains, but only those strains of V. harveyi and V. parahaemolyticus which showed swarming were virulent for sole, independent of the route of administration. The LD50s of the pathogenic strains ranged between 7.4 · 10 4 and 2.5 · 10 6 cfu g
)1 fish ( Table 2) . In all cases, virulent strains of V. harveyi showed significant lower LD50 values (P < 0.05) than those of V. parahaemolyticus and, in general, the LD50s obtained by i.m. inoculation were lower than those observed by i.p. inoculation (P < 0.05). Healthy fish inoculated with cells of virulent strains of V. harveyi developed skin ulcers, similar to those observed on the surface of naturally diseased sole, within 10 days, whereas fish inoculated with V. parahaemolyticus strain LG-4.00 did not develop ulcers. Inoculation of the ECP from the LG-16.00 (j, 120 lg mL )1 ; m, 60 lg mL )1 ) and V. parahaemolyticus LG-4.00 (d, 180 lg mL )1 ; r, 90 lg mL )1 ). same strains of V. harveyi and V. parahaemolyticus produced mortalities of 20% and 50% and 0% and 10%, respectively, depending on the doses (Fig. 1 ). Ulcers were only seen on the surface of the fish after inoculation with ECP from V. harveyi. The cumulative mortalities during vaccine testing and the RPS after i.p. challenges of the fish inoculated with sublethal doses of the ECPs of V. harveyi LG-16.00 are summarized in Table 3 . In all cases the cumulative mortalities were significantly lower (P < 0.01) than those in the control groups. The RPS obtained for V. harveyi were higher (76.4% and 83.3%) than those obtained for V. parahaemolyticus LG-4.00 (31.6% and 36.8%).
Discussion
The strains isolated from diseased sole in this study were characterized and identified as Vibrio harveyi and V. parahaemolyticus. V. harveyi has caused largescale losses of larval and juvenile penaeids (Liu, Lee & Chen 1996; Alvarez, Austin, Alvarez & Reyes 1998) . It has also been associated with ocular lesions in fish held in captivity (Hispano, Nebra & Blanch 1997) and mortalities in farmed gilthead sea bream (Real et al. 1993) . On the other hand, there are few reports of disease caused by V. parahaemolyticus (Alcaide, Amaro, Todolí & Oltra 1999; Li, Yie, Foo, Ling, Xu & Woo 1999) , although this bacterium has also been isolated from shrimp with red disease (Alapidetendencia & Durez 1997) and cultured small abalone with withering syndrome (Liu, Chen, Huang & Lee 2000) .
Only those bacterial strains that developed swarming produced mortalities in experimentally inoculated fish. Possibly the ability to develop swarming may be a marker to differentiate between virulent and avirulent strains of both Vibrio species. Some authors have demonstrated that the expression of virulence factors such as immunoglobulinAdegrading metalloprotease of the urinary tract pathogen Proteus mirabilis are expressed together with other proteins and virulence factors during swarmer cell differentiation (Walker, Mognaddamejafari, Lockatell, Johnson & Belas 1999) . However, our results are based on a low number of strains and therefore more isolates from other disease outbreaks need to be examined before reaching any conclusion.
The LD50 of the ECP of V. harveyi LG-16.00 and V. parahaemolyticus LG-4.00 corresponded to 120 and >180 lg protein mL )1 , respectively. The initial signs observed after the inoculation of the ECP of both strains were the inactivity of the fish and anorexia. In the case of the ECP of V. harveyi LG-16.00, haemorrhagic areas in the fins and mouth, similar to those signs observed during the natural outbreaks, were observed 24 h after inoculation, whilst the appearance of ulcers was detected after 7 days. Thus, despite a lower protein content the ECP of V. harveyi produced higher fish mortalities and lesions than V. parahaemolyticus ECP.
Therefore, in this study, the ECP from V. harveyi was more toxic than V. parahaemolyticus ECP. Additional ECP preparations from isolates from other disease outbreaks should be examined to confirm this assumption. Liu et al. (1996) also concluded that the pathogenicity of different isolates of V. harveyi in tiger and kuruma prawns is associated with their ECP. Similarly, Zhang & Austin (2000) demonstrated that the most pathogenic isolate of V. harveyi to salmonids produced ECP with a maximum effect on salmonids.
The role of the ECP as a protective factor for sole against V. harveyi and V. parahaemolyticus was demonstrated in this study. Thus, those fish which were inoculated with the ECP of V. harveyi showed a high RPS when they were challenged with virulent V. harveyi strains. In the case of the ECP of V. parahaemolyticus the RPS values observed were lower. This could indicate that the V. parahaemolyticus ECP is not as significant for the virulence of this bacterium as in the virulent strains of V. harveyi. This is the first description of V. harveyi and V. parahaemolyticus as pathogenic bacteria for cultured Senegalese sole. Although virulent strains of V. harveyi and V. parahaemolyticus were isolated from the original disease outbreak and each species independently produced fish mortality under laboratory conditions, only virulent V. harveyi strains and their ECP reproduced similar signs to those observed during the natural outbreak. The importance of the inclusion of ECP in vaccine designs has been reported by several authors (Magariños, Romalde, Santos, Casal, Barja & Toranzo 1994; Collado, Fouz, Sanjuán & Amaro 2000) . The results obtained in this study showed that ECP could have an important role in the pathogenesis of V. harveyi, but that this role is not so important in the case of V. parahaemolyticus. However, ECP could be considered as protective antigens to design potential vaccines against these pathogenic micro-organisms.
